Shizuoka College of Pharmacy, 2-2-1 Oshika, Shizuoka 422, Japan (Received September 1, 1986) Thermolysis of bromo(trimethylsilyl)methyl trimethylsilylmethyl sulfide was found to give a thiocarbonyl ylide, the 1,3-cycloaddition of which proved a new method for the synthesis of tetrahydrothiophenes.
The effect of the silyl group of the ylide on the regio-and stereoselectivity in these 1,3-dipolar cycloadditions is discussed.
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tetrahydrothiophene; regioselectivity Thiocarbonyl ylides are useful intermediates not only in heterocyclic synthesis but also in carbon-carbon bond formation reactions. Although several methods for the generation of thiocarbonyl ylides have been reported,2) they are generally not convenient due to the difficulties of synthesizing the starting materials or limited applicability.
As mentioned in the preliminary communication, 3) we have found a convenient method for generating thiocarbonyl ylides and for carrying out their 1,3-dipolar cycloaddition leading to tetrahydrothiophene derivatives by using organosilicon compounds. In this paper we present the details of this work.
Our strategy for the generation of thiocarbonyl ylides involved silicon-carbon bond cleavage,4) which would be accelerated by stabilization of the carbanion arising from the formation of a thiocarbonyl ylide. We designed an organosilicon compound containing sulfur, bromo(trimethylsilyl)methyl trimethylsilylmethyl sulfide (2a), which was easily prepared by bromination of bis(trimethylsilylmethyl) sulfide (1a) with N-bromosuccinimide (NBS). After several preliminary experiments, thermolysis of 2a in N,N-dimethylformamide 2a 3 (DMF) has been found to afford trimethylsilylthioaldehyde S-methylide (3). The results of initial experiments on the 1,3-cycloaddition of 3 to several symmetrical dipolarophiles are shown in Table I phenyl sulfide with a dipolarophile under similar conditions, the silyl group at the carbon without bromine seems to play a role as a leaving group.
One of the novel features in this reaction is that the generated thiocarbonyl ylide has a silyl group at the terminus. Therefore, in order to reveal the effects6) of the silyl group on the regioChart 2 and stereoselectivity in 1,3-dipolar cycloadditions, we examined the 1,3-cycloadditions of 2a-c to several unsymmetrical dipolarophiles, and the results are summarized in Table II . Entry 7 (Table II) shows a clear regioselective effect due to the trimethylsilyl group. For the structure elucidation, lla and llb were desulfurized quantitatively with Raney Ni to 2-(methoxycarbonyl)butyltrimethylsilane (17a) and its 3-isomer (17b), respectively. The 11-I-NMR spectrum of 17a shows a triplet at 0.87 ppm (J = 6.8 Hz) due to the terminal methyl. On the other hand, that of 17b shows a doublet at 1.15 ppm (J= 7.1 Hz) due to the corresponding terminal methyl. The ratio of lla to llb was determined by gas chromatography (GC) of the mixture of 17a and 17b obtained from the crude cycloadduct. The structures and ratio of the isomers in entries 8 and 9 were determined similarly. The regioselectivity observed in entry 9 is not negligible in view of the fact that the 2,2,3-trisubstituted cycloadduct was produced in a slight excess in spite of the large steric hindrance of the two trimethylsilyl groups. Compound 2c reacted with methyl acrylate to give the corresponding tetrahydrothiophenes (14a and 14b); the product was isolated as a single regio isomer but a mixture of two stereoisomers. The 1H-N MR spectra show two characteristic signals: 14a, 3.63 ppm (1H, dd, J 4 .4 , 5.6 Hz, OCH3). Shift of the signal due to the ester methyl of 14b to higher magnetic field indicates7) that the methoxycarbonyl group at the 3-position is cis to the phenyl group at the 2-position. The structures of 15a and 15b were established by comparison of their 1H-NMR spectra with those of 14a and 14b, respectively. We reported8) previously that the phenyl group at the dipole terminus affected the stereoselectivity as well as the regioselectivity in the 1,3-dipolar cycloaddition of azomethine ylides. Therefore, the high regioselectivity in entries 10 and 11 seems to be mostly owing to the effect of the phenyl group. Entries 10 12 suggest that the stereoselectivity may be attributed to the steric effect of the silyl group on the conformation of the neighboring phenyl group. An examination of these effects in terms of molecular orbital theory will be reported in the near future. Tables  I, III , and IV.
In entry 5 (Table  I) , the "C-N MR spectrum of the product (8) 
